We studied the status of Crested newt (Triturus cristatus superspecies) ponds in the province of Salzburg during the years 2004 and 2005. Historical and current distribution data were collected and compared. In the end of 2004, 51 ponds with Crested newt records of which 39 still existed were known in Salzburg. In 2005 we carried out a monitoring of these ponds using a combination of three survey methods. Presence or absence of adult and larval Crested newts and the number of syntopic amphibian species were recorded. Detection probabilities and the effects of seven characteristic pond features on pond occupancy were calculated for adult and larval newts separately. We observed a strong decline of ponds occupied by Crested newts with presence of adults in 22 and presence of larvae in 16 surveyed ponds, respectively. Detection probabilities imply that we detected all ponds occupied by adults and larvae. Key habitat features for Crested newt presence are low degree of shading for adults and larvae as well as a high density of submerged vegetation for larvae. Pond size and depth are not significant. Furthermore we recorded a significantly higher number of amphibian species in ponds occupied by Crested newts. Our results might aid in the implementation of sustainable measures for a conservation of these critically endangered species in the province of Salzburg.
Introduction
During the past decades a decline of amphibian populations in many parts of the world has been observed (e.g. Wake 1991 , Houlahan et al. 2000 . There are several hypotheses to account for this decline on the global scale. Most probably a combination of many factors is responsible (Collins & Storfer 2003) . In the case of the highly urbanised and developed countries of Central and Western Europe, the major factor is without doubt the loss of natural and functioning pond networks (Oertli et al. 2005) , due to destruction and manipulation of wetlands and ponds (e.g. Corbett 1989 , Beebee 1997 , Wood et al. 2003 .
The province of Salzburg (Austria) consists of a variety of habitats within a vertical range of 380 to 3600 m above sea level. Hence there exists a great variety of pond types facing many different threats. Especially in the lowland areas of the North and the inner alpine river valleys, the number of ponds in natural conditions has decreased throughout the past decades due to intensive anthropogenic pressure and land use. Most of the remaining ponds are artificial and often densely stocked with fish and waterfowl (Kyek & Maletzky 2006) . At present the occurrence of 15 amphibian species is documented, of which 13 are reproducing in standing water bodies. Four species have been classified as critically endangered in the current regional Red List of amphibians and reptiles, including the two occurring Crested newt species (Triturus cristatus, Laurenti 1768 and Triturus carnifex, Laurenti 1768) (Kyek & Maletzky 2006) .
Crested newts (Triturus cristatus superspecies) are distributed over great parts of Europe with populations showing significant declines in large parts of this area (Gasc et al. 1997) . As these species are listed in Annex II and IV of the EU-habitats directive 92/43/EEC as well as Annex II of the Bern Convention, their conservation status is of European importance. The populations in the province of Salzburg are of special interest, being located in a part of their distribution areas, where the two species can be found narrowly sympatric and hybrid populations exist (e.g. Freytag, 1978 , Thiesmeier & Kupfer 2000 , Arntzen 2003 . For this study we therefore stick to the taxon Triturus cristatus superspecies. The results of a survey on the identification of the species using molecular methods are in preparation (Maletzky unpublished data).
(2) Due to their wide distribution area Crested newts inhabit a variety of pond types. Generally these water bodies can be described as large and deep with submerged vegetation and absence of fish (Arntzen 2003) . The characteristics of suitable ponds depend more on the particular landscape features than on the particular species (e.g. Cabela & Grillitsch 2001 , Arntzen 2003 . The quality and quantity of these characteristics in part determines the presence and size of the populations (Oldham et al. 2000) .
Monitoring the distribution and the key habitat features is among the most important requirements for the effective conservation management of threatened species at regional level. A major problem with most monitoring programs is that species are detected imperfectly, which might lead to biased estimates of population trends (MacKenzie et al. 2002 , Schmidt 2005 . A determination of key habitat features can serve as a basis for detecting the likelihood of occurrence and a guideline for habitat enhancement and creation.
Already several studies dealt with the selection and suitability of amphibian breeding habitats using multivariate analysis (Pavignano et al. 1990 ), discriminant analysis (Swan & Oldham 1994) or logistic regression (Laurila 1998) . Key habitat criteria for Crested newt species have been evaluated mainly in core distribution areas of T. carnifex (Pavignano et al. 1990 ) and of T. cristatus (Oldham et al. 2000) .
The aims of this study are (1) to evaluate the status of Crested newts in the province of Salzburg, (2) to identify key habitat features for their occurrence in ponds, and (3) to develop standards for the creation or enhancement of ponds supporting these critically endangered species at the edge of their distribution range.
Materials and methods

Study area
The study area covers the three northern districts of the province of Salzburg ("Salzburg Stadt", "Salzburg Land", "Hallein"), with a total area of 1777 km 2 . The main landscape features are the valley of the lower Salzach River, parts of the northern Limestone Alps, Flysch zone and the foothills of the Alps with the lake district (Fig. 1) .
Historical data
Although there are some historical records on the occurrence of Crested newts in Salzburg (e.g. Wolterstorff 1925 , Schüller 1963 , Freytag 1978 , data on precise localities and structure of ponds are scarce. Some information could be drawn from unpublished mapping projects (Kyek unpublished data) and the collection of L. Schüller located in the Natural History Museum "Haus der Natur", Salzburg. Geographical coordinates (± 100-500 m) and habitat descriptions of the origin of preserved specimens were attributed to each record as precise as possible. Together with more recent records collected by the authors, Crested newts were known from 44 ponds between the years 1949 and 2003.
Monitoring
We examined the status of the 44 ponds with previous records of Crested newts in 2004 and carried out a monitoring of the ponds that were still existing as well as new found localities in 2005. Presence or absence of Crested newt adults and larvae as well as syntopic amphibian species was recorded during three visits per pond between April and July. We used a combination of detection methods with bottle traps, night counting and dip-netting. Bottle traps were the main tool for detection and used in each of the three surveys. Such traps are especially useful for presence-absence surveys in ponds that are big or otherwise difficult to examine (Griffiths 1985) . We used a minimum number of 10 traps per pond and placed one trap at least every 5 meters. Traps were positioned mainly in shallow water areas with an angle of about 45°. A small perforated part remaining above the water surface allowed the captured individuals to breathe (H. Schedl, pers. comm.). The traps were active overnight from late afternoon to the following morning. The second visit was accompanied by additional night counting, while the third visit was especially focussed on the detection of larvae by means of dip-netting.
Habitat features
We recorded the particular pond type using the standardized mapping form for monitoring the Austrian herpetofauna (Kyek 1996) . Furthermore we recorded 7 habitat features for Crested newt ponds including pond area (m 2 ), maximum depth in three classes (<30 cm, 30-100 cm, >100 cm), fish presence or absence, origin (natural or artificial), and presence or absence of human use. We also estimated density of submerged vegetation (in 25 %-classes) and proportion of shade (in 25 %-classes).
Data analysis
All mapping and monitoring data were processed with BioOffice-databanking (©Biogis) and ArcView 9.1 for GIS (© Esri). For the monitoring data of the year 2005 we estimated detection probabilities and the proportion of sites occupied by adults and larvae separately, using the mark recapture like approach of MacKenzie et al. (2002 MacKenzie et al. ( , 2005 . The analysis was done with the software Presence 2.0. The effects of habitat variables on the presence of Crested newts, adults and larvae, were analysed by means of logistic regression, which was performed with R freeware (R Development Core Team 2005). We used the Firth's bias r educed logistic regression implemented in the LOGISTF-package (Ploner et al. 2006) .
Results
Status and monitoring of Crested newt ponds
While 32 (72.7 %) ponds with old records still exist, all ponds with records before 1977 have been destroyed. In contrast, we recorded Crested newt presence in 7 ponds which were evaluated for the first time in the two study years. Therefore to date, 39 (out of a total of 51 records) Crested newt ponds are known in the province of Salzburg. One private garden pond could not be surveyed in the course of this study. During the monitoring of 38 ponds in 2005 the presence of adult Crested newts was recorded for 22 ponds (57.9 %), larvae were detected in 16 ponds (42.1 %) (Fig. 1, Tab. 1 ), while 16 ponds were classified as unoccupied Crested newt ponds (Tab. 2).
We analysed detection probabilities for adults and larvae separately. Therefore we first tested two predefined models that used constant and survey-specific detection probabilities. For both adults and larvae the lower AIC value indicated that the survey-specific P model was better supported by the data and detection probabilities were time specific. The predicted site occupancy using this model was 0.588 (SE = 0.082) for adults and 0.431 (SE = 0.081) for larvae, respectively (Tab. 3). While detection probabilities (P) for adults were high in all three surveys ranging from 0.640 to 0.951, detection probabilities for larvae were very low in the first two surveys but high (i.e. P = 1.000) in the third one (Tab. 4). These results imply that we detected all the ponds where adult and larval Crested newts were present.
Habitat features of studied ponds
The mean water surface area of studied ponds (n = 38) was 342.2 m 2 (± 425.2 m 2 std. dev.) with a range of 20-2000 m 2 . The majority of ponds showed maximum depths of 30-100 cm (56.4 %), while a maximum depth of more than 1 meter was recorded for 16 ponds (41.0 %). Only one pond had a maximum depth of less than 30 cm. Fish presence was recorded for 8 (21.1 %) ponds, three of them being densely stocked.
Artificial ponds (71.1 %) were built for purposes like fish breeding, ice stock sliding in winter and fire protection. One brewery ice pond that was created to have a cheap possibility of cooling is now used extensively for fish breeding. Private garden ponds are used for swimming or ornamental reasons. Eight ponds (20.5 %) were created in the course of nature conservation projects since 1991. The habitat feature human use contains 25 (65.8 %) of these ponds that are periodically managed and succession is interrupted, which is beneficial for amphibian populations. Thirteen ponds (34.2 %) are not used currently and thus subject to strong succession.
The proportion of average area covered by submerged vegetation was 0-25 % in 17 ponds, 26-50 % in 11 and 51-75 % in 9 ponds respectively. Only one pond had 75-100 % submerged vegetation cover. (4) The average degree of shade was 0-25 % for 10 ponds, 26-50 % for 8 ponds. 14 ponds showed a proportion of 51-75 %, while only 6 ponds showed a proportion of 76-100 % (Tabs 1 and 2).
Ponds occupied by Crested newts in 2005 showed a total number of 3-7 co-occurring amphibian species (mean = 4.45, mode = 6) ( Fig. 2 ; Tab. 1), while 1-4 amphibian species (mean = 2.13, mode = 2) were detected in unoccupied ponds (Fig. 2, Tab. 2). Table 5 displays the results of logistic regression analysis for effects of seven habitat features on pond occupancy by Crested newt adults and larvae. We found that a low degree of shade is the most important habitat variable with significant results in both adult (P > 0.001) and larval (P > 0.05) presence. The latter was also significantly correlated to a high density of submerged vegetation (P > 0.001), which showed a comparably high but not significant probability in adults. The same is true for the variables human use and pond origin. Pond area, maximum depth and fish presence had no significant effects in both cases.
Species richness
Regression analyses show a highly significant correlation between presence of Crested newt adults and larvae and the number of co-occurring species (P > 0,001; Tab. 5).
Altogether 8 further amphibian taxa could be detected in the surveyed ponds. Of these, Alpine newt (Mesotriton alpestris Laurenti, 1768) and Smooth newt (Lissotriton vulgaris L., 1758) were most frequently found in occupied Crested newt ponds (90.9 % each), while they were present in 50 % and 37.5 % of the unoccupied ponds, respectively. The Tree frog (Hyla arborea L., 1758) was detected in 59.1 % of occupied ponds, while there are no records for unoccupied ones. Likewise the Yellow bellied toad (Bombina variegata L., 1758) was only found in occupied ponds with a frequency of 31.8 %. The frequencies of the critically endangered Agile frog (Rana dalmatina Bonaparte, 1840) were comparably low in occupied (22.7 %) and unoccupied (18.8 %) ponds (Fig. 2) .
Discussion
Status and monitoring of Crested newt ponds
The occurrence and frequency of Crested newts (Triturus cristatus superspecies) has declined seriously during the last century. One of the main factors for this pattern is the loss or manipulation of suitable breeding habitats (Arntzen 2003) . Our study represents the first approach of a species specific monitoring of amphibian breeding ponds in the province of Salzburg. 
Europe have been published throughout the previous decades. In the German federal state of RhinelandPalatinate the loss of habitats was regarded as 20 % (Bitz & Simon 1996) . In Great Britain regional estimates vary widely from 90 % for parts of London to 6 % for urban ponds in Edinburgh (Wood et al. 2003) .
Monitoring projects of Crested newt populations in neighbouring regions showed comparably low occupation levels. In South-Eastern Bavaria 9 out of 20 surveyed ponds were found unoccupied (Gruber, H.-J. unpublished data). In the province of Lower Austria, Klepsch (1994) found Crested newt presence in only 5 out of 14 sites that were occupied ten years before. These data are similar to the decrease of 1.4 -2.0 % in population numbers per annum which was estimated for Great Britain (Clemons 1997) . The reasons for the declining number of Crested newt populations and habitats in our area are generally related to the fact that these species are restricted to the lowlands and hills in the northern districts. Their distribution area is nearly identical with the main human settlement area, which is underlying increasing pressure from infrastructure and land use. Data on current and historical vertical distribution show that most populations have been lost in the lowlands (Maletzky unpublished data).
Species detection in monitoring studies tends to be imperfect especially for rare species and small populations. If populations are unequally detectable across groups to be compared, results are biased and do not reflect reality (Kery 2004) . Such unequal detectability despite the use of standardised methods can for instance be caused by environmental or climatic variables. Statistical methods for estimating site occupancy are useful tools for analysing the significance of monitoring data (MacKenzie et al. 2002) and have been successfully applied for monitoring amphibian distribution in terrestrial (Bailey et al. 2004 ) and aquatic (Schmidt 2005) habitats. Crested newts might be missed during surveys especially when submerged vegetation is dense and deep water zones are extended (e.g. Beebee 1990 ). However, Cooke (1995) showed that survey results at a secure site using night counting procedures were positively related to numbers gained by bottle traps. In our study the detection probabilities for both adults and larvae were high compared to a related study dealing with three anuran species (Schmidt Table 5 : Results of logistic regression analysis for effects of pond characteristics on occupancy of a) adults and b) larvae: C.I. = Confidence Interval limit; ** = highly significant effect; * significant effect. (7) 2005). We did not test climatic effects on our detection histories but personal experience shows that especially bottle traps are effective independent of weather conditions. We achieved the highest detection probability for adult newts in the second survey, probably caused by the combination of night counting and bottle traps. The increasing probability in detection of larvae is most probably explained by the survey dates. Altogether the use of combined methods can in our case be regarded as adequate and successful.
Habitat features of studied ponds
Many studies in core distribution areas have dealt with the question what might make a good Crested newt pond (e.g. Swan & Oldham 1994 , Oldham et al. 2000 . According to Blab & Blab (1981) shading, pond area and density of submerged vegetation are the three relevant pond characteristics for the abundance of Crested newts. In a study from Western France shading represented a key feature for the abundance of larval Triturus newts, suggesting that the successional stage of the pond is important (Sztatecsny et al. 2004) . Our results reflect these findings to a certain degree. Shading and density of submerged vegetation had significant effects on pond occupancy in our study, while pond area was of no importance for Crested newt presence. Cooke et al. (1994) regarded ponds with less than 10 % shade as ideal for populations in Great Britain. In a study from the German province of Lower Saxony Crested newts are missing from ponds with a degree of shading higher than 40 % (Filoda 1981) . Although in the province of Salzburg the number of ponds located in open areas is low due to intensive land use, and most of the surveyed ponds are to some extent associated with forests or shrubberies, the majority of occupied ponds showed a degree of shading below 50 %. Positive effects of submerged vegetation density were reported by Oldham (1994) who suggested a total macrophyte cover of 70-80 % as ideal for Crested newt ponds. While in our study this effect was high but not significant for adults, we found a highly significant effect for the presence of larvae. Atkins (1998) reported 500-750 m 2 as typical pond size for Triturus cristatus in Great Britain. A minimal pond size of 50 m 2 and a minimal pond depth of 50 cm are given as key figures for the whole superspecies, with T. carnifex being the species with the highest ecological amplitude (Arntzen 2003) . In areas with high densities of Crested newt populations, pond size and depth play an important role, because there are simply more ponds to choose from. For Crested newt larvae there is some evidence that intermediate pond sizes may be favourable (Van Buskirk 2005) . In Salzburg these features have no significant effects on their presence. Perhaps here the low number of ponds forces them to take what they can find.
The manipulation of ponds by means of fish introduction is one of the major causes for population declines throughout many parts of the distribution range of Crested newts (Thiesmeier & Kupfer 2000) . This habitat variable showed no significantly negative effect in our study. Possible explanations might be that on the one hand introduction of fish into most of our studied ponds happened very recently and the number of fish is very low in some cases.
Species richness
In the province of Salzburg ponds occupied by Crested newts in most instances represent aquatic habitats of high value for amphibians in general. We observed significant differences in amphibian species richness between occupied and unoccupied ponds. Especially the Smooth newt (Lissotriton vulgaris) and the Tree frog (Hyla arborea), both listed as endangered in the current Red List (Kyek & Maletzky 2006) , obviously need similar habitat features in our region. This fact can also be observed vice versa, as a practical conservation project in the years 2002 and 2003 showed. Two of our surveyed ponds (Freimoos 2 and Freimoos 3, see Tab. 1) were created especially for the needs of Tree frogs during a translocation project and were colonised by Crested newts one year after the ponds were created (Kyek et al. in press ).
Conclusions and implications for future programmes
Crested newts (Triturus cristatus superspecies) are at the uppermost level of legal protection in Austria, underlying European (EU habitats directive), national (national Red List) and regional (species protection decree, nature conservation law) regulations. As they are listed in Annex II and IV of the EU habitats directive, the establishment of special protected areas (Natura 2000) as well as monitoring programmes and enhancement measures for aquatic and terrestrial habitats are demanded. Nevertheless a comparably strong decline of population numbers could be observed for no other amphibian species during recent decades and no protected areas have been declared for the needs of these species. At the end of 2005 no occupied Crested newt pond is documented within the range of Natura 2000 areas in Salzburg (Kyek & Maletzky 2006) . The effective conservation status of the Crested newt species (Triturus cristatus, T. carnifex) in this area is critical (8) and the high degree of legal protection does not appear to be reflected in conservation benefit. Even intact and frequently reproducing populations show unfavourable conservation status in terms of population sizes, quality of the terrestrial habitat and degree of isolation (Maletzky unpublished data). We strongly call for the initiation of measures to avoid a further decline of these species, not least due to their high significance as indicators of amphibian richness and their great value for science, being located in an area where two species are occurring narrowly sympatric and hybrid populations exist (e.g. Freytag, 1978 , Arntzen 2003 . Crested newts in this area largely depend on artificial ponds. The focus of future conservation efforts must lie in the creation of pond networks, including new artificial ponds as well as the enhancement of old ponds and the parallel development of migration corridors. For aiding as many species as possible, a number of connected smaller ponds may be preferable compared with single large ones (Oertli et al. 2002) . Furthermore new ponds should be placed in reachable distances to existing populations and as isolated as possible from human infrastructure preventing the introduction of allochthonous fish and rubbish (Williams et al. 1999) .
